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Abstract The ecological effects of Chinese sturgeon blocked below the Gezhouba Dam 
and effectiveness of protective measures for the fish were summanzed in the paper. After the 
construction of the Gezhouba Dam, the reproductive stock structure of the sturgeon has 
been relatively stable. Certain river sections below the dam could meet the spawning 
demands, and the newly-formed spawning ground has been considered to play a vital role 
in maintenance of the species’ existence. Since the sturgeon commercial fishing was prohibited 
restrictly along the Yangtze River and the new spawning ground was protected in 1983, the 
resource of juvenile sturgeon at the estuary and the proportion of fully mature fish in stocks 
have increased remarkably, Although the Gezhouba Dam does not threaten the existence of 
the Chinese sturgeon, the direct or indirect impacts of the Three Gorges Dam on the 
sturgeon should be given high attention. 
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1 Introduction 


Chinese sturgeon (Acipenser sinensis ), belonging to the family Acipenseridae, is an 
anadromous species distributed in both China and Korea. It has been rated as top grade 
in the major protected wild animal list of China. Chinese sturgeon normally fives in the 
sea and is found along the western coast of the Pacific Ocean, i.e. the Bohai Sea, the 
Yellow Sea, the East China Sea and the north of the South China Sea. The mature fish 
ascends rivers for reproduction. Historically. its spawning grounds were located both in 
the Yangtze River and Pearl River. Nevertheless, the sturgeon is rarely found in the 
Pearl River at present. Before the construction of the Gezhouba Dam, its spawning 
grounds were located in the upper reach of the Yangtze mainstream and the lower reach 
of the Jinsha River. As one of the biggest fishes in the Yangtze River. its population 
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size is relatively small. In 1960's and 1970’s. the annual catches of the sturgeon along 
the river were 400 to 500 fishes, with an output of 60 to 75 tons (Anonymous, 1988). 
Before 1960's. btile was known about its hving babits. population structure. 
habitants, reproduction and migration in the Yangtze River, In the recent 20 years, 
with dams successively built along the Yangtze River and its tributaries, impacts of 
these hydro—projecis on aquatic environment. especially the impacts of Gezhouba Dam 
on migratory fishes, attracted the widespread attention of both biologists and the public. 
Chinese sturgeon was one of the fishes affected severely by the Gezhouba Dam as its spa 
wning migratery route was blocked. So how to protect the species, what counter— 
measures to be iaken to maintain the sturgeon resource practicably became the critical 


aims of Chinese ichthyologists. 
2 Research history before Gezhouba Dam construction 


For a long time, studies on sturgeon in the Yangtze River were only related to the 
descriptions of morphology and taxonomy. However, in order to meet the growing 
aquaculture requirements, three sturgeon species in the Yangtze have become the subject 
of many investigations since 1958. From 1958 to 1972 investigations on the Chinese 
Sturgeon inhabiting the lower reach of the Jinsha River were intermittently conducted by 
the Fisheries Institute of Changshou Lake in Sichuan Province. The 9-year survey re- 
vealed some reproductive characteristics of Chinese sturgeon including the range and nat- 
ural environment of spawning grounds. And the attempts on the artificial propagation of 
the wild Chinese sturgeon succeeded for the first time in China in 1971, 

From 1972 to 1975 a survey on the biology and status of Acipenser sinensis, A. 
dabryanus, and Psephurus gladius was carried out by the Changjiang aquatic resources 
survey group. wluch was organized by Sichuan Fisheries Institute and the Southwest 
Teachers College. Chinese sturgeon was the priority of ihe research. A lot of data about 
its morphology. taxonomy, resource status, nalural reproductiou. spawning areas and 
conditions, age and growth, population structure, sturgeon fisheries, artificial propaga- 
tion, embryology and fry culture were obtained throughout 3-year field work and the 
experiments. The achievements were summarized in “The biology of the sturgeons in 
Changjiang and their artificial propagation”, the first monograph on sturgeon in China 
published in 1988. The comprehensive information is of great value for future studies to 
evaluate ecological and human effects on sturgeon resource status. 


3 Ecological effects of Chinese sturgeon after Gezhouba Dam construction 


Because of the construction of the Gezhouba Dam, Chinese sturgeon has been con- 
fined below the dam since 1981, unable to reach their original spawning sites upstream. 
Before damming. based on the analysis of ecological characteristics of Acipenser, 
environmental! features just below the dam, researchers of the Institute of Hydrobiology 
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deduced that the gonads of Chinese sturgeon blocked in the Yichang section might devel- 
oped to mature and probably reproduce naturally. lt was proved to be right by the stud- 
ies of the coming years. 
3.1 Population structure 

A total of 113 Chinese sturgeon specimens was caught upstream during 1972-1975 
before the dam construction. 52 of them were male and 61 were female. The body-length 
of males ranged from 170 to 250 cm, the females 230-330 cm. The weight of males ran- 
ged from 38 to 150 kg. the female 145-380 kg. The ages of males range from 9—22, 
most in 11-13, for females ranged from 16-27. most in 20—25 (Anonymous, 1988). 

According to the results recorded after damming in 1981 and 1982, the 
body-length of males ranged from 161—264 cm, tne weight 50-195 kg. the age 9-26 
years. The body—length of females ranged from 222-321 cm, the weight 139-410 kg, 
age 14-33 (Deng ef al., 1985). Similar results were documented by Deng (1991) and Ke 
(1992) (Table 1). 


Table 1 Body—length, weight and age of A. nensis before and afier damming 
Number of Range of bady Range of Range of 








Sex Years 
iba samples length (um) weight (kg) age 

1972—1975 Sa 170—250 38—I50 9 一 22 
Male 

1981—1982 114 161—264 s0— t95 9 一 26 

1972—1975 él 230—330 145—330 1—27 
Female 

1981—1982 128 222—321 139—410 14--33 


A comparison was made between body-length frequency distribution of 1970s and 
that of 1980s. The results show that the distribution has not changed significantly since 
the interception of the flow in 1981, whereas the distribution obtained in the upstream 
before damming was different from that after damming (Deng et al, 1991; Ke et al, 
1992). 

Of the 242 sturgeon captured below the dam from 1981-1982, 128 were female and 
114 male, therefore. the sex ratio was | ! 0.89 (Deng et al, 1985). 

In short, the data above showed that Chinese sturgeon, like most species of 
Acipenser, reached their sexual maturation in a rather old age, and had a rather wide 
ranges in the body length, weight and age composition. 

3.2 Reproduction 

Chinese sturgeon is a fall spawner. The brood sturgeon travels from the sea up to 
the Yangtze River during June and July. They stay at least one year around the spawn- 
ing areas with their gonads gradually maturing. and reproduce in the fall of the follow- 
ing year. 

The fecundity of the fish is quite high. Data obtained from the mature females cap- 
tured at Yichang shuwed that the egg diameter of stage IV ovaries ranged from 
4.11-4.64 mm with the mean of 4.53 mm. absolute fecundity ranged from 470 to 697 
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thousands with the mean of 602; the weight per egg was in the range of 37.26-79.37 mg 
with the mean of 52.24 mg: the relative fecundity ranged from 2.46 to 4.18 egg, g with 
the mean of 3.12 egg /g (Yu er al, 1986). A comparison between the data above and 
those obtained upstream from Yibin to Chongqing in 1970’s shows that the egg diameter 
and absolute and relative fecundity downstream recorded in 1980's are within the range 
of those data documented in 1970's (Anonymous, 1988) (Table 2). 


Table 2 Reproductive indexes of stage IY ovaries of A. sinensis before and after damming 


Seu Ege diameter Absolute fecundity Relative fecundity Maturation 
{mm} 1egB) legg” g) coefficient 

1972—1975 3.9 —5] 306000— 1303000 1.72—4.45 11.4 —26 D 
1981—1982 4.11—4 64 470000— 696000 2 46—4.18 10.45—14.45 


Table 3 shows the annual catches of the fish and the percentage of mature individ- 
uals from 1981 to 1993. The poor management led to high catches both in 1981 and 
1982, 827 and 558 adults respectively. This resulted in a much lower percentage of the 
mature individuals in the following year (12.5% in 1982, 25.4% in 1983) (Zhao ef al. , 
1986) . After the strict prohibition of commercial fishing in 1983. the percentage has 
risen remarkably. 

Table 3 Annual catch and percentage Generally, the sturgeon stocks in the 
of mature individuals of A, nensis Yichang spawning ground in Oct. and Nov. 


after damming (1981-1993) are mixed up with two stocks of indi- 


Ind. of Perceniang of 


s vi ; Bch be 
SB niala miira ton iduals, one stock migrating into the river 
1981 827 135 last year is in stage IY of gonads, and the 
1982 558 125 other is in stage II] migrating inte the river 
1983 119 25.4 ; i : 

‘an ag A ; this year. The fluctuations of maturation per- 
1986 62 600 centage within years can be accounted for by 
1987 74 78.0 the differences of factors i.e. the fishing sites 
198 2. . , 

a 5 and date. the duration of spawning period, 
1989 8n 45.0 , 
1991 53 713 and hydrological parameters. 
1992 54 92 6 3.3 Spawning 
1993 60 86.8 


After the dam construction, the gonadal 
development and natural reproduction have 
been surveyed for several years at the Yichang section just below the dam by the Insti- 
tute of Hydrobiology and the Yangtze River Fisheries Research Institute. The results indi- 
cate that the brood sturgeon blocked below the dam can reach their sexual maturation 
and reproduce in the suitable river sections. The spawning period lasts from mid Oct. to 
mid Nov. every year. The water temperature varies from 17.0-19.5C while spawning. 
The main spawning ground covers a river section from Changhang Shipbuilding Plant to 
Shilihong with a distance of about 4 km long. The secondary spawning ground is about 
5 km along from Shilihong to Yanshouba. In given years, the spawning ground 
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stretches to Huyatan, about 20 km away from Changhang Shipbuilding Plant. Since 
1982. 1 or 2 spawning activites have been observed every year. And the spawning activi- 
ties have increased after 1983 (Deng et al, 1991; Hu et al., 1992). 

The bottom of the Yichang spawning ground is mainly composed of gravel and boul- 
ders, part of the sites is a mixture of sand and boulders. In this river section, the river 
pools of various depth, the fast running water and an unstable flow are the essential con- 
ditions of sturgeon spawning ground. It might be necessary to compare the key 
hydrological factors of the Yichang spawning ground with those of the spawning ground 
upstream at the spawning season. At Yichang spawning ground, the maximum flow ve- 
locity is from 1.30-1.72 m/sec, silt content 0.17-0.89 kg/m’, water level fluctuation 
41.7—45.3 m. Four ebbs. 3 rises and 2 stable water levels were observed during spawning 
runs from 1982-1986 (Deng et al, 1991). The survey at Sankuaishi spawning ground 
above the dam at the same seasons from 1971—1975 documented a water temperature in 
a range of 17.0—20.1C, the maximum velocity 2.68-3.03 m/s, silt content 0.375—-0.55 
kg / m°. Because little surface water pours into the flow at the dry season in the upper 
reach, all the spawning activities took place at the time of ebbing (Anonymous, 19881 
(Table 4). 


Table 4 Hydrological data during spawning period of A. sinensis at both 
Yichang and Sankuaishi section 





Vane Spawning period Temperature Max. flow velocity Silt content 
(day “ month) (t) tm / sec) (kg / m3) 

1972—1975 t97 20— 17t] 17.0—20.1 2.68 一 3.03 0.375 一 0.550 

1932—1986 157 10—147 tl 17.0—19.5 1.30—1.72 0.170—0.890 


The above listed hydrological data indicated that a water temperature above I7C 
would be an important factor for the fish’s spawning, and there was no correlation be- 
tween the water level fluctuation and the spawning activities. 

3.4 Juveniles at the estuary of the Yangtze River 

The sturgeon juveniles born in the Yichang river section in Oct. or Nov. descend the 
river and emerge initially at the estuary region in the first ten-day period of May of the 
following year, which is one month earlier than before when the sturgeon spawned in 
the upper reach of the Yangtze River (Zhao er af., 1986; Yi, 1994). The quantities of 
juveniles peak in June and take up 83.9 percent of the total samples collected from May 
to August. In September the juveniles are rarely found in this region. From 1982 to 
1986, the amount of young fish fluctuated from 22 to 571 fishes. The resource seemed 
to declined dramatically. From 1987-1993, the amount fluctuated from 598 to 1480 
fishes, with an exception of 187 samplis collected in 1988. The resource appeared to m- 
crease (Yi, 1994). 
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4 Impact evaluation and conservative countermeasures 


4.1 Resource conservation and status 

By blocking the migratory route of the Chinese sturgeon, the Gezhouba Dam has 
had a negative impact on the fish stock. Fortunately. suitable environmental conditions 
for the sturgeon reproduction do exist at the Yichang section just below the dam. The 
brood fish can reach their sexual maturation and naturally reproduce every year. This 
plays a vital role in the species conservation. Meanwhile. the success of artificial propa- 
gation of the wild sturgeon captured just below the dam was achieved in 1983. From 
then on, larvae and young sturgeon fed are released into the river every year. Legislation 
on the prohibition of commervial fishing and protection of the sturgeon spawning 
ground have been strictly enforced since 1983. The success of protective measures taken 
was observed as follows: 

a. The spawning ground and its population structure below the dam was relatively 
stable, spawning activities were observed annually, the spawning range tends to expand. 

b. The sturgeon used for artificial propagation could be easily captured below the 
dam as the percentage of mature fish increased. 

c. The young fish resource in the estuary region was stable and increased in recent 
years, 

Nevertheless, it is worth pointing out that commercial fisheries on Chinese sturgeon 
should still be banned strictly at present as its population size is not large, and the new 
spawning areas are obviously smaller than the original ones in the upper reach. People 
should learn a lesson from the dramatic decreases of both spawning individuals and 
young fish resource at the estuary, caused by the high catches in 1981 and 1982. The 
sturgeon conservation is a long term task. The Three Gorges Project is under construc- 
tion now. The new impacts of the project on the Yichang spawning ground should be giv- 
en high attention. 

4.2 Impacts of the Three Gorges Project on Chinese sturgeon 

Situated upstream from the Gezhouba Dam, the Three Gorges Dam has no adverse 
effect on the migration route of Chinese Sturgeon. But the regulation of the Three 
Gorges Dam will alter the hydrological regime of the flow, and thus directly or 
indirectly affect the spawning runs and grounds, or even reproductive population of the 
fish. 

The direct effect will be a reduction of the spawning ground. After the project opera- 
tion, large amount of water storage will occur each year in Oct. with a rise of water ley- 
el in the reservoir from 145 m to 175 m. Consequently. the discharge will be reduced by 
22-46.6% compared with the data of the corresponding period before damming. And 
the water level below the dam will decrease greatly. The lower water level will directly 
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lead to the shrinkage of the sturgeon’s spawning areas below the Gezhoube dam. Mean- 
while, the eggs laid out in a relatively concentrated area will be easily devoured by 
benthic fishes. And the hatching rate and fry survival rate may decrease. 

The indirect effects are that noise disturbance on Chinese sturgeon will be intensified 
by the heavy navigation. Along with the lower water level and narrower water surface af- 
ter the dam construction, the intensified navigation may indirectly affect the normal 
gonadal development of the sturgeon as well as its natural reproducuion in the spawning 
period. 

In order to alleviate the adverse effects of the Three Gorges Dam on the sturgeon, 
it is necessary to expand the juvenile stocking scale of artificial propagation, especially 
to enlarge the stocking size. 
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全 一 一 一 一 
(中 国 科学 院 永生 生物 研 究 所 “武汉 “430072) KI GB? 


ME PEON Acipenser sinensis Gray) 是 一 种 泣 游 性 的 馈 科 鱼 类 ， 平 时 生活 于 海洋 、 亲 组 
成 熟 后 渤 游 到 江河 里 繁殖 。 在 长 江 万 洲 坝 修 策 以 前 ， 中 华 乌 产 卵 场 位 于 长 江上 游 和 人 金沙 江 下 
游 江 段 。60 一 70 年 代 中 期 ， 一 些 科研 单位 对 上 游 中 华 锝 繁殖 群体 及 产 卵 场 等 进行 了 较为 全 面 
的 调查 、 撰 写 出 版 了 《长 江 乌 鱼 类 生物 学 与 人 工 繁 殖 研 究 》(1988)， 中 华 钙 的 人 工 蒙 殖 也 于 
1971 年 首 获 成 功 。 葛 洲 坝 枢纽 建成 以 后 ， 中 华 拇 繁殖 群体 被 阻隔 于 葛洲坝 下 游 宜 昌江 有 段 ， 围 
绕 大 坝 对 中 华 同 生存 带 来 的 不 利 影响 以 及 其 物种 保护 问题 ， 中 国 科学 院 水 生生 物 研究 所 和 长 
江水 产 研究 所 对 长 江 中 华 锤 的 资源 动态 进行 了 持续 多 年 的 监测 ， 开 展 了 多 项 研究 。 本 文 对 上 
述 的 研究 成 果 和 进展 予以 综合 报道 。 

研究 结果 表明 、 建 坝 后 滞留 于 宜昌 江 段 的 中 华 租 繁殖 群体 结构 年 际 间 相 对 稳定 ， 成 熟 肉 
筒 的 卵 径 、 绝 对 和 相对 繁殖 力 等 指标 与 建 坝 前 无 显著 差异 ， 万 洲 坝 下 游 宜 昌江 段 具备 中 华 馈 
产 卵 所 需 的 水 文 、 底 质 等 基本 条 件 ， 自 1982 年 以 来 ， 每 年 都 有 中 华 手 的 产 卵 活 动 发生 ， 主 要 
的 产 卵 场 稳定 : !983 年 起 采取 严格 禁止 商业 捕捞 和 保护 产 卵 场 等 保护 措施 后 ， 长 江河 口 地 区 
中 华 每 幼 鱼 资源 显著 回升 ， 中 华 乌 亲 鱼 的 成 熟 比 例 也 显著 增加 ， 达 到 45% 一 92.6%， 人 工 繁 
殖 所 需 的 成 熟 亲 鱼 易 于 获得 。 

自 1981 年 议 洲 坝 截流 以 来 ， 为 保护 中 华 乌 所 采取 的 各 项 保护 措施 ， 如 ， 禁 止 商业 捕捞 、 
保护 产 孵 场 和 人 入 工 繁殖 放流 等 是 富有 成 效 的 ， 葛 洲 坝 已 不 致 危及 中 华 租 的 物种 生存 。 然 而 ， 
物种 保护 是 一 项 长 期 的 任务 ， 三 峡 工 程 的 兴建 ， 虽 然 已 不 存在 阻隔 中 华 饼 生殖 泗 游 的 问题 ， 
但 仍 将 直接 或 间接 地 对 中 华 乌 的 产 卵 场 、 产 卵 活动 及 繁殖 群体 产生 不 利 影响 ， 须 给 予 高 度 重 
Re 
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